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Abstract The kinematic and precipitation structure of a mesocyclone associated with a hook echo was analyzed by single
Doppler radar, located in northern Taiwan. The mesocyclone was embedded in a mesoscale convective rainband near northern
Taiwan coast on 10 September 2004. The synoptic environment was characterized by a moderate CAPE and weak ambient verti-
cal shear from surface to 5 km. In addition, a pronounced low-level mesoscale shear/convergence zone, which might result from
the interaction of two tropical depressions, was also identified in the northwest coast of Taiwan, providing a favorable dynamic
condition for the development of the mesocyclone. The mesocyclone was firstly documented by analyzing the dipole signature
revealed from the single Doppler radar radial velocity data. The analysis shows that this mesocyclone formed initially at low lev-
el, then deepened and strengthened rapidly into mature stage with the vertical depth deeper than 8 km and later decayed rapid-
ly. Correspondingly. the couplet diameter of mesocyclone decreased with the height at the time of vortexgenesis, and then e-
volved into columnar structure accompanied with the broader diameter in middle layer. The mesocyclone lasted for about 2
hour. The Ground-Based Velocity Track Display (GBVTD) method proposed by Lee et al. (1999) was further applied to re-
trieve the axisymmetric circulation of the mesocyclone. The GBVTD-derived primary circulation shows the radius of maximum
wind (RMW) of the mesocyclone was about 5—6 km and varied from inward tilting to outward tilting with time. The axisym-
metric radial wind field was initially characterized with a low-level outflow inside RMW and inflow outside RMW, respectively.
The strongest reflectivity was associated with stronger updraft near RMW, and weak downdraft was located at the center of the cy-
clone. Subsequently the downdraft and reflectivity near the mesocyclone center strengthened obviously, accompanied with the low-level
outflow, strong updraft as well as high reflectivity extending outside RMW. The relative tangential wind initially exhibited a wavenum-
ber 1 asymmetric structure with the maximum wind region at the left portion of the cyclone and shifted counterclockwise with height.
The axisymmetric tangential wind strengthened and reached its maximum intensity with a value about 20 m/s at *=1 km. After that
the axisymmetric tangential wind decreased rapidly, meanwhile the wave-1 asymmetric structure redeveloped with the maximum wind at
the left-front of motion. In summary, the evolution and structure of the mesocyclone is similar to that observed within a non-supercell
misocyclone. It is worth to mention that the axisymmetric circulation characteristics of the mesocyclone at its mature stage are very sim-
ilar to those observed in a mature typhoon. However, there are significant differences, i. e. , the size is much smaller, the life time is

much shorter, and the downdraft in the center is produced by precipitation instead of compensating subsidence.
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Fig. 1 (a) Locations of CKS radar, surface stations and rawinsonde sites; (b) Reflectivity from CKS radar at

3 km at 11:20 UTC (The black line in (a) and (b) indicates the track of the mesocyclone at 3 km)
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(The infrared image from GEOS9 is also plotted with color-shadings in (a) and (b). The black solid line denotes

geopotential height (gpm), and the dash line temperature('C). -+ denotes the position of

CKS radar. and the radius of range circle is 100 km)
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Fig. 7 Time-height profiles of mesocyclone (a) rotational velocity and (b) couplet diameter

(The rotational velocity values are contoured every 5 m/s, with value greater than 20 m/s shaded gray)
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B A 5 I P OB S R AR 1 B 2 3 R Ik A AT

HE— 2 K R A o P KU T RS 2 A K X R AR S

11:50 UTC, 4% #x U 1) JRZ ek 55, 1—2 km
i KAl X BRI 1] K2 18 m/s, A H 2 g R Rk
TR B AR Joe R XU - A2 A i e B A M AR 7 30
S WARHA 2 30° 245 (B 9e) . SE O 1O 2
JK I R S 1 5 i R el g i A 40 Bz, 2 F 1 km

Radius (km)

647

) Ve ST b SNABLE S e PN (9t I =S D)
UL AR A A ) RSN R BT A ] T AR g R R
S5 o PR AR 1 km DL . X — S E L
O e 7K SECHE T 8 W 55 1 B 4% [ a5 0L ) A
£ BRI 7 Dok 53 9 1) 4R A TR R 26 L (DeWald.
1998),

NS N R N
NS o~ NT,KRK\

Fos s o soN N N e

NN e e

Radius (km)

DN 77

18 21 24 27

30

33 36 39 42

B9 200449 A 10 H 11:20—11:50 UTC GBVTD J 3 fy o e b %f Bk 235 #9 1 1 30 1w
((a) (e () 43524 11:20 UTC.11:35 UTC Al 11:50 UTC A4 FR Y i /s (b) L (d) L (D 4351 1120 UTC,
11:35 UTC A1 11:50 UTC ¥y il B 4 ) WUFI 6 B3 12 5 #9553 B8 3R - 34 [l i)
Fig. 9 The axisymmetric structure (radius-height) of the mesocyclone at (a—b) 11:20, (c—d) 11:35 and

(e—1) 11:50 UTC on 10 Sep 2004 respectively. The (a), (¢) and (e) represent tangential wind;

(b), (d) and (f) represent radial wind and vertical velocity (The reflectivity is in color shades)
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Fig. 10 The GBVTD-derived tangential winds of mesocyclone at (a) 11:20, (b) 11:35 and (¢) 11:50 UTC

on 10 Sep 2004 respectively (The black arrow in (a) represents the storm motion)
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Fig. 11 Schematic model of the life cycle of the non-supercell tornado (Wakimoto1989)
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